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ABSTRACT 

The relationship of infant mental development 
(Bayley Mental Scale, eight months) to four year Binet IQ was 
explored in the context of the study samplers neurological and 
socioeconomic characteristics for a sample of 536 full-term children. 
The Minnesota sample was approximately normal or average in terms of 
infant mental scores, infant neurological status, socio-economic 
status, and four year IQ. SES showed the highest relationship to four 
year IQ (R for males of .43, females, .38) but infant mental score 
also showed meaningful correlation with four year IQ (R for males of 
.28, females -23). SES showed no correlation with infant mental 
scores. Categorical analysis showed that low mental score was a 
better predictor of low four year IQ (IQ less than 65) than was low 
SES. High SES was a better predictor of high four year IQ (IQ greater 
than 115) than was high mental score. (Author) 
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INXRODXTIGN 



Early studies of mental development in normal infants 
demonstrated little or no relationship between mental ability 
in infancy and intelligence at a later age (Bayleyt 1949). 
Subsequently, Knobloch and Pasamanicfc (1966), with a clinical 
sample of infants under age one year, obtained a multiple 
correlation of «84 between Gesell Developmental Quotient, 
medical data, soclo-^onomic status and follow up Binet IQ 
(ages 6-10). Recently, Verner, et. al. (1968), demonstrated 
appreciable relationship between mental, ability at 20 mbnt^ 
and intelliginiee at age ten for a general sample of children 
in a . longitudinal study. This study obtained a correlv*ition 
between Cattell. IQ at 20 months and 'intelligence at age ten 
(Primary Mental Abilities) of •hO. Multiple correlation of 
Catteli .IQ- plus medical data plus socloreconomic indesc with 
ten. -year IQ. was.. .58. Most of the added pr^ictive power was 
attributable to aocior-ecO|ttomic status; . 

. The preset study focuses on tt^ relationships between 

^ P e ** m 

mentali development and neurological status In. infancy, family 

• * t ■ . ' " 

80 cio-econamiCi.:atatus, and intelligence at .age four. The 
particular focua; is on the relationship tween infant mental ■' 
development and later intelligence in the context of the neuro- 
logical and socio-economic characteristics of the population 
under study.. This framework is based on the assumption that 

I 

the apparent contradictions in the results of previous studies 
can be better understood by consideration of the neurological 
and socio-economic characteristics of the children and fmsilies 
under study. 
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The children and fanilles studied are from the University 
of Minnesota Hospitals sample of the Collaborative Study on 
Cerebral Palsy, Mental Retardation, and Other Neurological and 
Sensory Disorders of Infancy and Childhood* Generally, the 
purpose of the Collaborative Study Is to examine the relation* 
ships between pregnancy and outcomes of pregnancy. Mothers 
are enrolled In the study early in their pregnancies and the 
course of pregnancy, circumstances of delivery, and status of 
the newborn are documented. Family data including socio-economic 
data are obtained during pregnancy and subsequently. The children 
are followed for a period of eight years and exanined at different 
ages by a variety of specialists including pediatricians, neuro- 
logists, psychologists, and speech-language»hearlng specialists. 
Medical history data are also obtained during this p^lod. The 
data of particular interest here are those pertinent to infant 
mental development and neurological status, family socio-economic 
status, and intelligence at age four. 

PROCEDURE 

The study group consisted of Minnesota sample children of 
term birthweight (birthweight greater than 2500 grams) for whom 
relevant data were avail^le CK*536). ■ The sasi^le includes 'males 
and females in about equal numbers. The following data provide 
the basis for the analysist Bayley Itental Scale score at eight 
montba (7 months, 15 days - 9 months), neurological exam at 12 
months (48-60 wejslcs), socio-economic status index obtained during 

>r f 

pregnancy, and Binet IQ at four years (3 years 11 months - 4 years 
3 months). 
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The Bafley Hental Scale (Perinatal Research Branch - Research 
Fora) in the six to ten laonth range includes items involving 
sustained attention » manipulation oC objects in a purposeful 
fashion, simple imitation and comprehension, simple vocalization 
and memory* While fine motor coordination plays a large part in 
many of these tasks, the items involve manipulation and compre- 
hension beyond simple prehension* 

The neurological examination is based on current functioning 
only, excluding historical data* The exam is performed by a 
neurologist or pediatrician who has been instructed in the use 
of the exmaination according to the project 12 month neurological 
examination manual* Specific findings are recorded on a structured 
printed protocol* The examiner also records his neurological 
diagnosis as (1) None, (2) Neurological ly.'^Suspect** but no 
definite neurological abnormalities, or (3) Neurological ly **Abnormal*^ 
child* 

The SE5; Index, a ten point scale, is based on the average 
of education, income, and occupational ratings (Perinatal Research 
Branch Index, Mj^ianthropolous)* The four year IQ is the Stanford- 
Binet, L-M, Short Form IQ* Bach of these data were obtained 
independently* 

RESULTS 

Minnesota Sample parents, although almost exclusively white, 
are a fairly representative urban sample in terms of socio-economic 
status* According to Myrianthropolous , *tlinnesota provides a 
surprisingly good fit when frequencies are compared with those 
for the urban population of the North Central States*** Compared 
to the national average (Perinatal Research Branch Index: Average 
Range 5-5*9), the Minnesota Sample is at the high end of the 
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niddle range (Mean PHB Index 5.9)* There Is no heavy concen- 
tration of low socio-economic status families in this sample. 

The sample would be atypical in trms of the presence of 
a sizeable number of fathers who are students at the University 
of Minnesota and who score high on education and occupation but 
relatively low on income. Father °s mean education level is 12.5 
years; mothers 11.6 years. Consistent with the above> father *^s 
also show a greater range of educational achievement (Father °s 
Standard Deviation - 3.36; Mother ^s Standard Deviation - 2.41). 

Twelve month neurological data for the study sample of 
term births indicates that ninety-five percent (94.75^) are 
rated as neurological ly within normal limits. There are only 
seven children rated as neurologically **Abnormal** (1.3%). Twenty- 
one cases are rated neurologically **lSu8pect*' (4%). For the 
Collaborative Research Project Sample as a tdiole, which includes 
a broad socio-economic range, Drage, et. al. obtained a 1.9% 
incidence of neurological abnormality at 12 months. For term 
births only Drage obtained a 1.5% incidence of neurological 
abnormality. The present study sample appears to be characterized 
by a minimal incidence of neurological deviation at age 12 months. 

Insert Table 1 about he^ 

The psychological data for the children are presented in 
Table 1 which shows the means and standard deviations for the 
eight month Bayley Mental Scale Raw Score and four year Binet IQ 
for both sexes combined. Sex differences are not a particular 
focus of this study but will be commented on when relevant. 



On the Bayley Mental Scale the mean caw score -for both 
sexes (7912) falls right at the midpoint of Bayley^’s 7*9 
month interval* While conversion tables not available* 
this mean raw score would equal a mean developmental quotient 
(DQ) of alisost exactly 100* Females tended to score sosiewhat 
higher than males but the difference was less than one raw 
score point (.d)* The Bayley Raw Score standard Deviation 
(5*15) places the raw score boundaries for SD at almost 
exactly the upper and lower boundaries of the Bayley 7-9 month 
intervi4* In other words about 66% of our smsple of eight 
month olds functioned within the 7-9. month range according 
to Bayley ”8 nornui* The Minnesota eight month data provide 
a surprisingly good fit to the Bayley norms* Further* the 
score distributions are approximately, normal* The overwhelming 
majority of individuals that fall below ii^nus 1 SD (Nb 30) are 
functioning at; no worse than a mildly- retarded level (above 
age .four iwntha*. less than 50% retarded)*. Only two cases are 
functioning at lass than a five immth level*. . These data 
suggest tta^t we; are dealing with a relatively normal popula- 
tion .with a; sijE^if icant percentage of mildly retarded children 
but. :wi^ Very few more seriously ^et,^ded individuals* 

' Four year .Binet IQ score ran somei^at higher for females 
than m^es (108 vs* 104)* The combined mean IQ of 106 is some- 
what above average in comparison to the Binet Standardisation* 
but the standard deviation (16*27) is close to that expected 
for a nonsal sample* The high average mean Binet IQ is quite 
consistent with the high average socio-economic character of 
this sample* 



The social 9 neurological, and psychological data to this 
point suggest the following: soclo-econonlc status * fairly 

representative urban populati^t^, son^what on the high side of 
average; neurological - Infants with a relatively olnlnal inci- 
dence of neurological deficit; psychological average Infant 
mental development and high average four year intellectual 
functioning* 

With this background data, we can turn to an analysis of 
the relationships of infant mental development, infant neuro- 
logical status, and family socio-economic status to each other 
and to four year IQ* Correlation data are presented for term 
births only (94% of children) as the Inclusion of premature 
infants would have necessitated a prematurity correction score 
for the eight month mental score* 

Insert Table 2 about here 

Table 2 presents the correlations between eight month 
mental score, 12 month neurological rating, socio-economic 
Index, and four year IQ, separately for each sex* Consider 
first the correlations of infant mental score with infant 
neurological status and socio-economic status* Mental score 
shows a modest correlation with neurological rating for both 
sexes (•27)« Mental scores shows no correlation with socio- 
economic status for either sex* Infant mental developoient is 
correlated with ratings of neurological status but not with 
fa&lly socio-economic status* Socio-economic status bears no 
relationship to mental development at this age for this s ample* 

Next consider the correlations of mental score, neuro- 
logical rating, and SE5 Index with four year IQ* For males, 
four year IQ Is most highly correlated with socio-economic 



status <«43>9 next with infant aental score C28)» and least 
with neurological rating (.fO),. The order of correlation is 
the sane for fenales although the oorrelatioos are of someidiat 
lesser sMgnitude <SES *38$ nental score •?.Z; neurological 
rating .IDo The pattern of correlation fot’ all these variables 
is very sinilar for both sexes* Infant nental development 
correlates with infant neurological status but not with family 
socio-econonic status* Four year IQ correlates Fiiost hi^ly 
with socio«>ecuxiomic status and least with infant neurological 
status* 

The correlation of infant mental score with four year IQ 
indicates a modest but meaningful relationship between the two*, 
Early mental development apparently has something to do with 
later intelligence beyond the near sero relationships reported 
in Bayley^’s early research* 

The relatively high correlation of SES with IQ might lead 
one to conclude the SES is the best predictor of later intelli- 
gence* ^wever/» it is conceivable that for those infants of 
below average or accelerated mental development this is not so* 
Accordingly* IQ outcome was studied as a function of categories 
or levels defined for each of the predictor variables: mental 
score* neurological rating* and SES* Mental scores were 
categ^ised as low (<-l SD below mean)* Average (within ^ 1 PoEo 
of mean) atkd High O’**! SO above mean)* Neurological groups 
were **abnormial***. "suspect" and "normal" as originally rated* 

SES groupe were defined as low -1 SO below mean) * Middle 
(within , ^iSO of mean) ai^ 0^,1 SO above mean); 



Insert Table 3 ibout \nta^ 

Table 3 presents the four year Binet IQ neans and standard 
devlattons plus the percentage of Cour year IQs less than 85 
and greater than 115 for the total sanple and by infant nental 
score» neurological and SES subgroup. These results are for 
both senes co^lned. Hille fenales generally score a few points 
hitler than males » the pattern of results 5^ highly sinilar 
for both seates. Recall that the distributions for the three 
predictor variables are all relatively nomal or average. 

i 

Differences between ae^is were evaluated by t»testt differences 
between percentages were evaluated by test. Mental score 
subgroup four year IQ st^^p^ns differ slguificantly from each 
other (Low vs. Average^ p<C«001; Average vs. High* p^.05). 

The low group mean is only 90.70 vdiich is about 16 points or 
<me standard deviation below the population mean. The hi|^ 
group mean of 112.81 is only 6 points above the population mean. 
Gonaidering percentage of below average and above average IQs, 
the low mtiital group shows a slguificantly greater percentage 
of IQs below 85 t!i^ the total sample <40% vs. 9%» p<.01> and 
a significantly lower percentage of IQs above 115 (3c3> vs. 

24.3%, p <.01) .The high mental group shows a significantly 
lower perc^tage of below average IQs than the general sample 
(0% vs. 9%, p<.05> but does not show a significantly greater 
percentage of above average IQs (30.2% vs. 24.3%, p NS). The 
average mental group closely parallels the total sample statistics. 

I 

These results suggefFt that the greatest predictability for infant 
mental scores is in the low end of the mental score distribution* 
although a high mental score minimizes the likelihood of a below 
average IQ. Recall that this low mental score group was generally 




only alldXy retarded, not nore seriously retarded. 

Neurological subgroup outcoae for "abnotsuils** can not be 
readily interpreted beeanse of the saall ssaple <N°7). They 
appear below average as a group <X 86.29) but extreaely hetero- 
geneous <SD 29.64). Neurological “suspects** mean IQ was signi- 
ficantly below that of the **nocBal8** (97.14 vs. 106.17, p^.05). 
**Suspects” showed a significantly greater percentage of IQs 
below 85 than the total sanple (28.6% vs. 9.0%, p< .01) and a 
significantly lower percentage of IQs above 115 (4.8% vs^ 24.3%, 
p<»05>. Those: children rated neurolc^ically **su8pect** or 
*'abnionMl** at 12 months show a 28.6% chiince of below average 
intelligence at age four. 

■ : SES' subgroup IQ means differ sl^i^icantly frow each other: 
(Low :^V Middlie;^.p^*001; Middle vs.- p^.OOl). The low 
and Iff e, about equi^^i^taat .ftoB the middle SBS 

mean^ ea^ about 9 points trpie 'the middle SBS mean. 

The :^low sho^ a significantly; -greater percentage 

of I|Qe ;belo.w ^8^^^ the total smaplo X22.5% vs. 9%, p^.OOl) 

and ,a s j^if icantl^ lower percentage (0£. IQs :Sbove 115 
(7o5% vs.: 24v3%^, p ^.001). The high :SBS group shows a signi‘° 
ficjmtly. loi^.^^rcentage of below 4lii!^:age IQs than the general 

sample :;(l% i5^:^- p<o01) and a significantly greater percentage 

above -- ■ ? ■■ ■ 

of /average t ^ljf^:|(43ol% vs. 24.3%, p^wOOl).. -The middle SBS 
group closely parallels the total’ san^le statistics. The group 
means and; incidence of below average and above average IQs suggests 
that the SBS variable is operative throughout its entire range 
in relation to four year IQ. 

Comparing the relationships of infant mental score and SBS 
to four year IQ suggests the following: (1) both correlate 
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with four year IQ, but 8B3 ahoue a biglier correlatioa, (2) the 
SBS variable operates throughout Its ranges the Bental score 
IQ relation derives prinacily froai the relationship between low 
■ental score and below average later intelligence, <3> the low 
nental score low IQ relationship can not be explained in terns 
of SES in that SBS did not correlate with infant Bental score, 

(4) low Bental score tends to be a better predictor of below 
average intelligence than low SES (low Bental - 40% below IQ 
85, low SBS “ 22e5% below IQ 85, p^«101 at least for this 
sa^le, (5) high Bental score or high SES is associated with 
a very BiniBal incidence of below average IQ (High Bental - 0%, 

High SES - l%)o 

DISCUSSION 

The Bajor assuiption underlying this study was that the 
relationship between infant aental developaent and later IQ 
could only be understood in the context of knowledge of the 
neurological and socio^ecoitOBlc char.actf&ristics of the population 
under study. The present sample was not of adequate size to 
study these interactions directly <> Villerman, eto al. (1969) 
demonstrated a large multiplier for the incidence of retardation 
for those children with low infant mental scores from low SES 
environBentSo The present relationship of infant a^tal score 
to four jrear IQ might be very different in a different sample* 

In terns of the correlation of SES with four year IQ one could 
easily conceive of a high SES sae^ie in uhlch this variable 
would mask oi transc^d the contribution of infant mental seoreo 
The negative findings of Bayley are consistent with this inter-> 
pretation* The findings of the strongest relationship between 
low aental score and low IQ is consistent with the positive findings 
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of Knobloch and P aa an a n lck idu> sanpled beavlly fron a deviant » 
belov average pc^lation* A higb frcqu^cy of neurological 
deficit in such developaen tally belov average infants vould 
perhaps serve to Baintaln then in their suboonsal status* 

The deaonstrated relationship between infant itental score 
and four year IQ is based on children who are literally infants 
in that an eight nonth old is a preverbal organisn who nanifests 
intelligent behavior prinarily in his senscriHiotor ad^tations 
to his enviroonent* It is naive to expect neasures of sensori- 
■otor ad^ t a t ion in’ i nf a n cy to be hi^ly predictive of later 
intelligent behavior with all its ccsq^lexity> s3ad>olic character > 
and nultiple deterninants. However » the present results are 
consistent with the ^tatenents of Piaget and Bruner idio suggest 
that certain behavioral phenoaena of infancy are 
of intelligent behavior in that they represent the child °s 
attcapts to operate on his environment in meaningful ways» and 
that such operations provide analogues to later intelligent 
behavior and are mesningfolly related to such behavior. What 
is needed is a model that encompasses the child*s early aceom- 
plisbment (infant mental score) in tl^ oonte^ of his biological- 
neurological status <b£rthweight» infant neurological « etc.) and 
environmental opportunities (SBS, parents education, etc.). The 
Oollahorative Project^ with its diverse peculations and sample 
of 50,000 children, may provide the data for the construction of 
such an interactlott model. 



a 



t 




TAB1£ 2 



C(mEMTI(mS BETWEEN BIGHT MONTH MENTAL SCORE, TWELVE MOHTH 



£3SUSOLOSIGAL SOCIO-BCCNOMIC INDE3C, AND FOUR YEAR BXNET IQ^ 

Ns (226-274) 



MALES 



FQIALBS 



8-Meatal 


12 Henro SES 

* o27*** olO NS 


ISl 

^28*^ 


12 Neuro SES 

.^*** .02 NS 


12 

c23*** 


12-Neuro 


o03 NS 


«20** 


•02 NS 


.11* 


SES 




o43*** 




o38*** 



t 

Pearson product - Mc»aent correlation - Significance levels s 

*** ?<o001 

P ^ oOl 
* F<o05 

KS Not Significant 
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TABLE 3 

FOUR TEAR BIMBT IQ MEANS, STANDARD DEVIATIONS AND PERCENTAGE OF IQi LESS THAN 85 
AND GREATER TR/^21 115 FOR THE TOTAL SAMPLE AND BY INFANT MENTAL SCORE, NEDROLOGICAL, 

AND SES SUBGROUPSo 

NX SD % IQ05 % IQ>115 



Tbtal Swle 536 106>10 16.27 9.0 24.3 





Lew 


30 


90.70 


* V 

19.30 


^ ww 

40.0 


3.3 


Mental Score » 


Average 


282 


106.97 


15.53 


8*5 


27.3 




H£g4 


43 


112.81 


14.85 


0.0 


4 

30.2 




Abnormal 


7 


36.29 


29.64 


28.6 


28.6 


Neuro Rating » 


Suspect 


21 


97.14 


13.69 


28.6 


4.8 




Nomai 


506 


106.17 


16.33 


9.3 


24.5 




Low 


80 


97.4$ 


tit <o 


22*5 


7.5 


SES Index 


Middle 


305 


106.09 


15.65 


8.5 


24.9 




High 


102 


115.37 


15.19 


1.0 


43.1 
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These results suggest that the greatest predictahlllty for infant 
■ental scores is in the low end of the Bental score distribution t 
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although a high nental score niniaises the likelihood of a below 
average 1Q« Recall that this low nental score group was generally 








